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SENSOR MALFUNCTION DETECTION SYSTEM 
FOR GAS-TURBINE ENGINE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a sensor malfunction 
detection system for a gas-turbine engine, more speci?cally 
a sensor malfunction detection system for a gas-turbine 
aeroengine used in aircraft. 

[0003] 2. Description of the Related Art 

[0004] Gas-turbine engine control is performed by using 
the outputs of a group of sensors installed in the engine to 
discriminate the engine operating condition and conducting 
various kinds of control, including calculation and control of 
the amount of fuel to be supplied, based on the discriminated 
condition. If a sensor should fail because of Wire breakage 
or the like, its output Will deviate from the right value. This 
makes it necessary to detect Whether any of the sensors are 
faulty. 
[0005] Japanese Laid-open Patent Application No. Sho 
61(1986)-241424 teaches a technique for selecting the best 
value among tWo sampled values of a sensor output and 
composite signals representing nominal values With respect 
to parameters thereof. 

[0006] Japanese Laid-open Patent Application No. Hei 
6(1994)-050174 teaches a technique that determines or 
checks Whether sensor output is Within an a permissible 
range, responds to each determination that it is not Within the 
permissible range by resetting the upper and loWer limits of 
the permissible range in accordance With the direction of the 
deviation, counts the number of times that the inputted value 
in the neXt cycle sWings up and doWn Within the permissible 
range Within a predetermined time period, and determines 
that the sensor is faulty When the count value eXceeds a 
predetermined value. 

[0007] The conventional technique of 61-241424 requires 
creation of composite signals representing nominal values 
With respect to parameters corresponding to the sensor 
output and selection of the best value from among these and 
tWo sampled values of the sensor output, While the conven 
tional technique of 6-050174 requires resetting of the upper 
and loWer limits of the permissible range in accordance With 
the received sensor output. Thus, both techniques are com 
plicated. 

SUMMARY OF THE INVENTION 

[0008] An object of this invention is therefore to overcome 
the aforesaid problem and to provide a sensor malfunction 
detection system for a gas-turbine engine that can detect 
sensor malfunction With good accuracy using a simple 
con?guration. 
[0009] In order to achieve the object, the present invention 
provides, in the ?rst aspect, a system for detecting sensor 
malfunction of a gas-turbine engine, comprising: a sensor 
installed at the engine and outputting a value indicative of 
operating condition of the engine; a determiner inputting the 
value outputted from the sensor and determining once every 
?rst predetermined time period Whether the outputted value 
is not Within a permissible range; and a discriminator 
inputting a result of determination of the determiner and 
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discriminating that the sensor is faulty, When the result is at 
least one of a case in Which number of times, the outputted 
value is determined not to be Within the permissible range, 
is not smaller than a ?rst predetermined value, and a case in 
Which the number of times, the outputted value is consecu 
tively determined not to be Within the permissible range, is 
not smaller than a second predetermined value. 

[0010] In order to achieve the object, the present invention 
provides, in the second aspect, a system for detecting sensor 
malfunction of a gas-turbine engine, comprising: a pair of 
sensors each installed at the engine and each outputting a 
value indicative of operating condition of the engine; a 
determiner inputting the values outputted from the sensors 
and determining Whether each of the outputted values is 
normal or abnormal by comparing the outputted values With 
each other; a ?rst discriminator inputting a result of deter 
mination of the determiner and discriminating once every 
?rst predetermined time period Whether one of the outputted 
values is determined to be abnormal; and a second discrimi 
nator inputting a result of discrimination of the ?rst dis 
criminator and discriminating that one of the sensors Whose 
output value is determined to be abnormal is faulty, When the 
result is at least one of a case in Which number of times, the 
one of the outputted values is determined to be abnormal 
range, is not smaller than a ?rst predetermined value, and a 
case in Which the number of times, the one of the outputted 
values is consecutively determined to be abnormal, is not 
smaller than a second predetermined value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is an overall schematic vieW of a gas 
turbine engine control unit capable of utiliZing a sensor 
malfunction detection system for a gas-turbine engine 
according to an embodiment of this invention; 

[0012] FIG. 2 is a block diagram used to eXplain the 
structures of an ECU and an FCU in the system shoWn in 
FIG. 1; 

[0013] FIG. 3 is a block diagram shoWing the physical 
components constituting the ECU and FCU of FIG. 2; 

[0014] FIG. 4 is a block diagram comprising functional 
blocks representing those of the operations of the ECU of 
FIG. 2 involved in determining sensor output acceptability 
and discriminating transient/steady-state operating condi 
tion; 

[0015] FIG. 5 is a block diagram shoWing the con?gura 
tion and operation of the permissible range determination 
block and malfunction discrimination block shoWn in FIG. 
4; 

[0016] FIG. 6 is a block diagram shoWing three-value 
comparison conducted in the acceptability determination 
block of FIG. 4; 

[0017] FIG. 7 is a diagram used to eXplain selection of a 
signal usable as a control signal based on the result of the 
three-value comparison of FIG. 6 and concomitant accept 
ability determination for checking Whether the signal is 
abnormal; 

[0018] FIG. 8 is a block diagram shoWing four-value 
comparison conducted in the acceptability determination 
block of FIG. 4; 
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[0019] FIG. 9 is a block diagram showing comparison 
With a remaining value When the three values in the four 
value comparison of FIG. 8 is abnormal; 

[0020] FIG. 10 is a diagram used to explain selection of 
a signal usable as a control signal based on the result of the 
four-value comparison of FIG. 9 and concomitant accept 
ability determination for checking Whether the signal is 
abnormal; and 

[0021] FIG. 11 is a block diagram shoWing in detail the 
con?guration of the transient/steady-state discrimination 
block of FIG. 4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0022] Sensor malfunction detection system for a gas 
turbine engine according to preferred embodiment of this 
invention Will noW be explained With reference to the 
draWings. 
[0023] FIG. 1 is an overall schematic vieW of a gas 
turbine engine control unit capable of utiliZing a sensor 
malfunction detection system according to an embodiment 
of this invention. 

[0024] The sensor malfunction detection system according 
to this invention is a system for detecting malfunction that 
is used in the gas-turbine engine control unit. Therefore, in 
order to facilitate understanding of ensuing explanation of 
the sensor malfunction detection system, the gas-turbine 
engine control unit Will be explained ?rst. 

[0025] The explanation Will be made taking a gas-turbine 
aeroengine for aircraft as an example of the gas-turbine 
engine. Four types of gas-turbine aeroengines are commonly 
used in aircraft: the turbojet engine, turbofan engine, turbo 
prop engine and turboshaft engine. A tWo-spool (shaft) 
turbofan engine Will be taken as an example in the folloWing 
explanation. 

[0026] In FIG. 1, reference numeral 10 designates a 
turbofan engine (gas-turbine engine; hereinafter referred to 
as “engine”). Reference numeral 10a designates its main 
engine unit. The engine 10 is mounted at an appropriate 
location of an airframe (not shoWn). The engine 10 is 
equipped With a fan 12 (rotor blades) that sucks in air While 
rotating rapidly. Arotor 12a is formed integrally With the fan 
12. The rotor 12a and a stator 14 facing it together form a 
loW-pressure compressor 16 that compresses the sucked-in 
air and pumps it rearWard. 

[0027] A duct (bypass) 22 is formed in the vicinity of the 
fan 12 by a separator 20. Most of the air pulled in passes 
through the duct 22 to be jetted rearWard of the engine 
Without being burned at a later stage (in the core). The force 
of the air accelerated rearWard by the fan produces a force 
of reaction that acts on the aircraft (not shoWn) as a 
propulsive force (thrust). Most of the propulsion is produced 
by the air ?oW from the fan. 

[0028] The air compressed by the loW-pressure compres 
sor 16 ?oWs rearWard to a high-pressure compressor 24 
Where it is further compressed by a rotor 24a and a stator 24b 
and then ?oWs rearWard to a combustion chamber 26. 

[0029] The combustion chamber 26 is equipped With fuel 
noZZles 28 that are supplied With pressuriZed fuel metered 
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by an FCU (Fuel Control Unit) 30. The ECU 30 is equipped 
With a fuel metering valve 32. Fuel pumped by a fuel pump 
(gear pump) 34 from a fuel tank 36 located at an appropriate 
part of the airframe is metered by the fuel metering valve 32 
and supplied to the fuel noZZles 28 through a fuel supply line 
38. 

[0030] The sprayed fuel is mixed With compressed air 
exiting the high-pressure compressor 24 and the mixture is 
burned after being ignited at engine starting by an exciter 
(not shoWn in FIG. 1) and a spark plug (not shoWn). Once 
the air-fuel mixture begins to burn, the air-fuel mixture 
composed of compressed air and fuel is continuously sup 
plied and burned. 

[0031] The hot high-pressure gas produced by the com 
bustion is sent to a high-pressure turbine 40 and rotates the 
high-pressure turbine 40 at high speed. The high-pressure 
turbine 40, more speci?cally its rotor, is connected to the 
rotor 24a of the high-pressure compressor 24 by a high 
pressure turbine shaft 40a. The rotor 24a is therefore also 
rotated. 

[0032] After driving the high-pressure turbine 40, the hot 
high-pressure gas is sent to a loW-pressure turbine 42, Which 
rotates at relatively loW speed. The loW-pressure turbine 42, 
more precisely its rotor, is connected to the rotor 12a of the 
loW-pressure compressor 16 through a loW-pressure turbine 
shaft 42a. The rotor 12a and the fan 12 are therefore also 
rotated. The high-pressure turbine shaft 40a and the loW 
pressure turbine shaft 42a are provided in a dual coaxial 
structure. 

[0033] The hot high-pressure gas passing through the 
loW-pressure turbine 42 (the turbine exhaust gas) is mixed 
With the air stream passing through the duct 22 Without 
compression or combustion and the combined How is jetted 
rearWard of the engine through a jet noZZle 44. 

[0034] An accessory drive gearbox (hereinafter referred to 
as “gearbox”) 50 is attached through a stay 50a to the 
undersurface at the front end of the main engine unit 10a. An 
integrated starter/generator (hereinafter called “starter”) 52 
is attached to the front of the gearbox 50. The ECU 30 is 
located at the rear of the gearbox 50. 

[0035] The engine 10 is started by operating the starter 52 
to rotate a shaft 56. The rotation is transmitted to the 
high-pressure turbine shaft 40a through a drive shaft 58 (and 
a gear mechanism including a bevel gear etc.; not shoWn) so 
as to pull in air needed for combustion. 

[0036] The rotation of the shaft 56 is also transmitted to a 
PMA (Permanent Magnet Alternator) 60 and the high 
pressure fuel pump 34. The fuel pump 34 is therefore driven 
to spray fuel from the fuel noZZles 28 as explained above. 
The resulting air-fuel mixture is ignited to start combustion. 

[0037] When the engine 10 reaches self-sustaining oper 
ating speed, the rotation of the high-pressure turbine shaft 
40a is transmitted back through the drive shaft 58 (and the 
gear mechanism including the bevel gear etc.) to the shaft 56 
to drive the fuel pump 34 and also drive the PMA 60 and the 
starter 52. The PMA 60 therefore generates electricity and 
the starter 52 supplies poWer to equipment in and on the 
airframe (not shoWn). 
[0038] An N1 sensor (speed sensor) 62 installed near the 
loW-pressure turbine shaft 42a of the engine 10 outputs a 
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signal proportional to the speed of the loW-pressure turbine 
(speed of the loW-pressure turbine shaft 42a) N1. An N2 
sensor (speed sensor) 64 installed near the shaft 56 outputs 
a signal proportional to the speed of the high-pressure 
turbine (speed of the high-pressure turbine shaft 40a) N2. 

[0039] A T1 sensor (temperature sensor) 68 and a P1 
sensor (pressure sensor) 70 installed near an air intake 66 at 
the front of the main engine unit 10a output signals propor 
tional to the temperature T1 and the pressure P1 of the 
in?oWing air at that location. A P0 sensor (pressure sensor) 
72 installed inside an ECU (Electronic Control Unit) 
eXplained beloW outputs a signal proportional to atmo 
spheric pressure P0 acting on the engine 10. A temperature 
sensor (not shoWn) provided inside the ECU outputs a signal 
proportional to the temperature of the ECU. 

[0040] A P3 sensor (pressure sensor) 74 installed doWn 
stream of the rotor 24a outputs a signal proportional to the 
output pressure P3 of the high-pressure compressor 24. An 
EGT sensor (temperature sensor) 76 installed at an appro 
priate location doWnstream of the loW-pressure turbine 42 
outputs a signal proportional to the eXhaust gas temperature 
EGT (temperature of the eXhaust gas eXiting the loW 
pressure turbine 42). 

[0041] The aforementioned ECU (designated by reference 
numeral 80) is incorporated at an upper end position of the 
main engine unit 10a. The outputs of the sensors mentioned 
above are sent to the ECU 80. 

[0042] The ECU 80 and the FCU 30 are illustrated in the 
block diagram of FIG. 2, With the overall con?guration of 
the FCU 30 being shoWn in detail. 

[0043] In addition to the group of sensors set out above, a 
TLA (thrust lever angle) sensor 84 installed near a thrust 
lever (throttle lever) 82 provided near the pilot’s seat (cock 
pit; not shoWn) outputs a signal proportional to the thrust 
lever angle or position TLA set or inputted by the pilot 
(corresponding to the pilot desired thrust). The output of the 
TLA sensor 84 is also forWarded to the ECU 80. In FIG. 2, 
and also in FIG. 3 discussed later, the sensors (P0 sensor, 
TLA sensor etc.) are indicated by the symbols for the 
parameters they detect (P0, TLA etc.). 

[0044] An FMVP sensor (valve position sensor; not shoWn 
in FIG. 2) installed at an appropriate location in the FCU 30 
outputs a signal proportional to the valve position FMVP of 
the fuel metering valve 32. The output of the FMVP sensor 
is also forWarded to the ECU 80. 

[0045] The ECU 80 is also connected With a CAN (Con 
trol Area Network) communications interface unit 88 
through Which it receives (or sends) pilot-selected com 
mands 90 from devices other than the thrust lever 82, data 
from an on-board computer (Air Data Computer or ADC) 92 
(e. g., Mach number Mn, (pressure) altitude ALT and outside 
air temperature (total air temperature TAT and (absolute) 
surface air temperature SAT)) and data from an ECU 94 of 
a second engine (not shoWn). The data in the ECU 80 are 
sent through the communications interface unit 88 to be 
displayed on a display 96 located in the cockpit. 

[0046] The ECU 80 is activated once every 10 msec 
(millisecond) to perform operating condition (i.e., transient/ 
steady-state) discrimination and malfunction detection 
based on the inputted values and, once every 40 msec, 
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calculates a command value (control input or manipulated 
variable) Wf for controlling the quantity of fuel to be 
supplied to the engine 10 (fuel ?oW rate), in response to the 
thrust lever position TLA (pilot desired thrust), so as to 
decrease the difference betWeen the loW-pressure turbine 
shaft speed (loW-pressure turbine speed) N1 and a desired 
speed N1c0m. The calculated command value Wf is sent to 
the FCU 30 as an energiZing current command value for a 
torque motor 98. 

[0047] The ECU 80 monitors Whether or not the detected 
values of the loW-pressure turbine speed N1 and a high 
pressure turbine speed N2 eXceeds corresponding limit 
values (e.g., values set to 107% of the respective maXimum 
speeds). When either of the detected loW-pressure turbine 
speed N1 and the high-pressure turbine speed N2 exceeds 
the limit value, the ECU 80 makes an overspeed discrimi 
nation and then determines and sends to the FCU 30 the 
torque motor 98 energiZing current command value for 
reducing the fuel ?oW rate to the engine 10 to a predeter 
mined value, speci?cally to Zero or a minimal value. 

[0048] In addition, the ECU 80 determines the command 
value Wf to regulate the How rate of fuel to the engine 10 so 
as to decrease the difference betWeen the change rate N2d0t 
of the detected high-pressure turbine speed N2 (derivative of 
N2; acceleration/deceleration factor) and a desired accelera 
tion/deceleration factor N2d0tc0m. Speci?cally, the ECU 80 
determines an energiZing current command value for the 
torque motor 98 and sends it to the FCU 30. 

[0049] The ECU 30 is equipped With a loW-pressure fuel 
pump 100 that pumps fuel from the fuel tank 36 (not shoWn 
in FIG. 2) and supplies it to the high-pressure (fuel) pump 
34 through a ?lter (and oil cooler) 102. The high-pressure 
pump 34 raises the fuel to a high pressure and supplies it to 
the fuel metering valve 32. The fuel metering valve 32 is 
connected With the torque motor 98 that sets its spool 
position. The How rate of the fuel pressuriZed by the fuel 
pump 34 is therefore adjusted (metered) by the fuel metering 
valve 32 according to the spool position thereof. The 
metered fuel is supplied to the fuel noZZles 28 through a 
shutoff valve 104, a drain valve 106 and a shutoff mecha 
nism 108. The ECU 80 calculates the command value Wf 
indicating the How rate of fuel to be supplied to the engine 
10 at 40 msec intervals. The calculated command value Wf 
is used to control the supply of fuel so as to achieve the fuel 
?oW rate calculated by the FCU 30. 

[0050] An emergency stop sWitch 110 is connected to the 
loW-pressure turbine shaft 42a. If the loW-pressure turbine 
shaft 42a should be displaced for some reason, the emer 
gency stop sWitch 110 Will turn on to operate the shutoff 
mechanism 108 and mechanically block supply of fuel to the 
fuel noZZles 28. In addition, a solenoid 112 is provided in 
association With the shutoff valve 104. The solenoid 112 is 
responsive to the pilot-selected command 90 for operating 
the shutoff valve 104 to block supply of fuel to the fuel 
noZZles 28. 

[0051] FIG. 3 is a block diagram shoWing the physical 
components constituting the ECU 80 and FCU 30. 

[0052] Because the engine 10 is a gas-turbine aeroengine, 
the ECU 80 and FCU 30 are composed of a primary lane 200 
and a secondary lane 202, respectively equipped With a CPU 
200a and CPU 202a for conducting the aforesaid operations, 
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a monitor CPU 200b and monitor CPU 202b for monitoring 
the operation of the CPU 200a and CPU 202a, and WDTs 
(Watchdog timers) 200c and 202c for monitoring the opera 
tion of the monitor CPUs. When it is monitored to detect that 
an abnormal condition has arisen in the lane 200, the lane 
202 conducts fuel supply control in place of the lane 200. 

[0053] The tWo CPUs 200a and 202a operate as the ECU 
80 and FCU 30. That is, they use the outputs of the sensors 
(shoWn there) to calculate the energizing current command 
value for supply to the torque motor 98 and forWard the 
calculated value through servo drivers 200d, 202d (not 
shoWn in FIG. 2) to the torque motor 98. (The operation of 
the servo drivers 200d, 202d is monitored by monitors 
(monitor circuits) 200e, 2026.) As is clear from FIG. 3, the 
torque motor 98 actually comprises tWo torque motors, one 
designated 981 (for the primary lane 200) and the other 
designated 982 (for the secondary lane 202). So long as the 
CPU 200a of the primary lane 200 operates normally, only 
the primary lane output is sent to the torque motor 98 (the 
torque motor 981). 
[0054] Moreover, tWo or more of many of the aforesaid 
various sensors are also provided. As shoWn, three TLA 
sensors 84 are provided, and their outputs are inputted to the 
tWo lanes 200, 202. TWo each of the N1 sensor 62, the EGT 
sensor 76, and the FMVP sensor (not shoWn in FIG. 2) are 
provided, and their outputs are inputted to the tWo lanes 200, 
202. Further, four N2 sensors 64 are provided, tWo (desig 
nated A and B) for each lane. The outputs of the sensors A 
and B of each pair are inputted to the associated lane 200, 
202. 

[0055] The N2 sensors 64 are made of magnetic pickups. 
Four of the same structure are installed near the shaft 56 With 
proximity to each other. The N1 sensors 62 are also made of 
magnetic pickups of the same structure. TWo are installed 
near the loW-pressure turbine shaft 42a. Also in case of each 
of the other sensors, a plurality of sensors of the same 
structure are installed. Sensors of the same type are con?g 
ured to produce identical outputs. 

[0056] The outputs of the P1 sensor 70 and P0 sensor 72 
are inputted to the lane 200, and the outputs of the P3 sensors 
74 are inputted to only the lane 202. The reason for inputting 
the outputs of these sensors only to one or the other of the 
tWo lanes 200, 202 is that they are less signi?cant than the 
outputs of the N1 sensors 62, N2 sensors 64 and other 
sensors that detect turbine speed. Sensor outputs that are 
inputted to only one lane are sent to the other lane via the 
CAN communications system. 

[0057] The monitor CPU 200b and WDT 200c in the 
primary lane 200 constitute self-diagnostic units (circuits) 
that use the same sensor outputs as the CPU 200a to produce 
the same outputs as the CPU 200a. The outputs of all three 
units are sent to an AND circuit 200f. If all corresponding 
inputs match, i.e., if it is found that primary lane 200 is not 
operating abnormally, the AND circuit 200f outputs an 
H-level signal to close a sWitch 200g, such that the output of 
the CPU 200a is sent to the servo driver 200d. 

[0058] The monitor CPU 202b and WDT 202c in the 
secondary lane 202 constitute self-diagnostic units (circuits) 
that produce the same outputs from the same sensor outputs 
and send them to an AND circuit 202f. Further, the output of 
the AND circuit 200f of the primary lane 200 is inputted to 
the AND circuit 202f of the secondary lane 202 through an 
inverter 200h. 
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[0059] Therefore, When inputs of the AND circuit 200f in 
the primary lane 200 match, the inputs to the AND circuit 
202f of the secondary lane 202 do not match. The AND 
circuit 202f therefore outputs or generates an L-level signal 
that opens a sWitch 200g to prevent forWarding of the output 
of the CPU 202a to the servo driver 202d. On the other hand, 
When the inputs of the AND circuit 200f in the primary lane 
200 do not match, then, insofar as the outputs of the monitor 
CPU 202b and WDT 202c in the secondary lane 202 match, 
the AND circuit 202f of the secondary lane 202 outputs an 
H-level signal that closes a sWitch 202g to enable forWard 
ing of the output of the CPU 202a to the servo driver 202d. 

[0060] The outputs of the monitor CPU 200b and WDT 
200c of the primary lane 200 are sent to the CPU 202a of the 
secondary lane 202 and the equivalent outputs of the sec 
ondary lane 202 are sent to the CPU 200a of the primary lane 
200. 

[0061] Premised on the forgoing, the sensor malfunction 
detection system for a gas-turbine engine according to this 
embodiment Will noW be explained. 

[0062] FIG. 4 is a block diagram illustrating the operation 
of the system, including the operations for determining 
signal output acceptability and discriminating transient/ 
steady-state operating condition. Basically, the draWing 
comprises functional blocks representing the operations 
performed by the ECU 80, speci?cally the operations per 
formed in parallel by the CPUs 200a, 202a among the four 
CPUs discussed in the foregoing. 

[0063] The aforesaid sensor outputs indicating the oper 
ating condition of the engine 10 (i.e., the outputted values) 
are ?rst sent to a loW-pass ?lter (not shoWn) for removal of 
noise components. Then, after being subjected to Waveform 
shaping, they are sent to a counter or the like for conversion 
to parameters indicating the operating condition (e.g., con 
version of the outputs of the N1 sensors 62 to rpm equivalent 
values), and forWarded to a permissible range determination 
block (determiner) 300 once every 10 msec for checking or 
determining Whether they are Within suitably determined 
permissible ranges, and sent to a malfunction discrimination 
block (discriminator) 302. The cutoff frequency of the 
loW-pass ?lter is set or de?ned in accordance With the sensor 
outputs so as to remove noise components of the sensor 
outputs as much as possible, thus removing noise compo 
nents superimposed on the sensor outputs. 

[0064] The sensor outputs include the outputs of all of the 
foresaid sensors, including the outputs of the N1 sensors 62 
indicative of the loW-pressure turbine speed and the outputs 
of the N2 sensors 64 indicative of the high-pressure turbine 
speed. At least tWo of each type of sensor are provided. The 
outputs of the four N2 sensors 64, tWo for each of the lanes 
200 and 202, are processed as explained in the folloWing. 

[0065] FIG. 5 is a block diagram comprising functional 
blocks representing the operations of the permissible range 
determination block 300 and malfunction discrimination 
block 302 in further detail. 

[0066] The sensor outputs ?ltered by the loW-pass ?lter 
are subjected to Waveform shaping, sent to the counter or the 
like for conversion to parameters indicating the operating 
condition (e.g., conversion of the outputs of the N1 sensors 
62 to rpm equivalent values), inputted to the permissible 
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range determination block 300 once every 10 msec (?rst 
predetermined time period or interval), and sent to step 300a 
thereof. 

[0067] Step 300a checks or discriminates Whether the 
sensor outputs are Within predetermined permissible ranges 
set for the individual sensors. 

[0068] The result of the check in step 300a is sent to the 
malfunction discrimination block 302. Speci?cally, When 
step 300a ?nds that the sensor outputs are Within the 
permissible ranges, the output (check result) is sent to step 
302a of the malfunction discrimination block 302, Whose 
FC (?ag counter) is set to —1, and When it ?nds that the 
sensor outputs are not Within the permissible ranges, the 
output is sent to step 302b of the malfunction discrimination 
block 302, Whose EC is set to +2. 

[0069] Next, in step 302c, the total (accumulated) value of 
EC is calculated by addition to or subtraction from the value 
of FC in the preceding cycle, Whereafter step 302d checks 
Whether the value of FC (total value) is smaller or less than 
8 (second predetermined value). The ?rst time this check is 
made, the value of EC is still —1 or +2, so that the result is 
ordinarily YES. 

[0070] The foregoing steps are executed once every 10 
msec. After 8 cycles of the steps have been executed (i.e., 
after 80 msec), step 302e checks Whether the value of FC 
(total value) is smaller or less than 1 (?rst predetermined 
value), Whereafter the value of EC is reset by a timer reset 
302g. When the result in step 3026 at the time of the reset 
is also YES, it is determined or discriminated in the folloW 
ing step 302f that the sensor concerned is not faulty (is 
normal). 
[0071] When the sensor being diagnosed has experienced 
Wire breakage or other such malfunction, the fact that its 
output is outside the permissible range is repeatedly dis 
criminated. As a result, step 302b repeatedly assigns PC the 
value +2, so that after 4 cycles (40 msec), step 302d ?nds 
that the accumulated value of FC calculated in step 302c is 
no longer smaller than 8 (second predetermined value) and 
produces a NO result, Whereafter the sensor is determined to 
be faulty in step 302h. 

[0072] So long as the sensor output is repeatedly found to 
be Within the permissible range during a period of 80 msec, 
step 302a repeatedly assigns PC the value —1, so that the 
determination in step 3026 is YES and the sensor is found to 
be normal in step 302f. HoWever, When the sensor output is 
found to be sporadically or temporarily outside the permis 
sible range three or more times during the period of 80 msec, 
the determination in step 3026‘ at the time of reset becomes 
NO, so that step 302h ?nds or discriminates the sensor to be 
faulty. 

[0073] As mentioned above, the ECU 80 and FCU 30 (the 
fuel control unit, speci?cally the CPUs 200a, 202a) simi 
larly execute processing once every 10 msec, calculate the 
command value Wf for regulating the How rate of fuel to be 
supplied to the engine 10 every 40 msec, Which is m times, 
more exactly 4 times of 10 msec, and control fuel supply by 
driving the torque motor 98 so as to supply fuel at the 
calculated ?oW rate. The time period required to determine 
that the sensor is faulty based on the sensor output being 
found to be outside the permissible range four consecutive 
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times is Within the fuel supply control time period (second 
predetermined time period), more exactly, is equal to the fuel 
supply control time period. 

[0074] The fact that 80 msec is required for the malfunc 
tion discrimination at the time of reset conducted in step 
3026 by comparing the value of FC and 1 (?rst predeter 
mined value) means that the set value 8 (second predeter 
mined value) is a value corresponding to a time period that 
is equal to or shorter than 1/2 the time period represented by 
1 (?rst predetermined value). 
[0075] Some of the sensor outputs sent to the permissible 
range determination block 300 once every 10 msec (?rst 
predetermined time period), speci?cally the outputs of the 
N1 sensors 62 and N2 sensors 64, are inputted to step 300b 
of the permissible range determination block 300. Not all of 
the sensor outputs but only the outputs of these tWo types of 
sensors are inputted because the parameters indicating the 
turbine speeds are relatively signi?cant. 

[0076] Step 300b checks or discriminates Whether the 
outputs of the N1 sensor 62 and N2 sensor 64 are Within 
predetermined permissible change rate ranges set for the 
individual sensors. In other Words, step 300b checks or 
discriminates Whether change rates of the outputs of the 
sensors 62 and 64 are Within a second predetermined per 
missible ranges set for the individual sensors. These values 
are de?ned by adding appropriate values to the maximum 
acceleration rate and the deceleration rate at mis?re. 

[0077] The result of the check in step 300b is sent to the 
malfunction discrimination block 302. Speci?cally, When 
step 300b ?nds that the sensor outputs are Within the 
permissible change rate ranges, the output (check result) is 
sent to step 302i of the malfunction discrimination block 
302, Where EC is assigned the value —1, and When it ?nds 
that the sensor outputs are not Within the permissible ranges, 
the output is sent to step 302j, Where EC is assigned the 
value +2. 

[0078] Next, in step 302k, the accumulated (total) value of 
EC is calculated by addition to or subtraction from the value 
of FC in the preceding cycle. Then, at the time of reset upon 
elapse of 80 msec, step 3021 checks Whether the value of FC 
(accumulated value) is smaller than 1 (third predetermined 
value). When the result is YES, the sensor is determined or 
discriminated not to be faulty (to be normal) in step 302m, 
and When it is NO, the sensor is determined or discriminated 
to be faulty in step 30211. 

[0079] As is clear from the foregoing, When the result is 
NO in any of steps 302d, 3026 and 3021, the sensor 
concerned is found to be faulty in step 302h or step 30211. 

[0080] When any sensor is determined (detected) to be 
faulty and another sensor of the same type is determined to 
be normal, the aforesaid fuel supply control is conducted 
using the output of the normal sensor. When all sensors of 
the same type are found to be faulty, a predetermined value 
is set to be used and control is continued. For example, When 
all of the N1 sensors 62 are determined to be faulty, N1 is 
set to a value that is equal to or greater than the maximum 
permissible speed thereof. In this case, the value of N2 
becomes the control value at idling. When all of the N2 
sensors 64 are determined to be faulty, N2 is set to a value 
that is equal to or greater than the maximum permissible 
speed thereof and the fuel supply amount is determined or 
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set to the minimum value. Suitable values are also similarly 
set in the case of the other parameters. 

[0081] When the permissible range determination block 
300 cannot make a determination, it refrains from making 
one and forwards the sensor output attached With a tempo 
rary-suspension ?ag. The processing shoWn on the right side 
of FIG. 5 Will be explained later. 

[0082] The explanation of FIG. 4 Will noW be resumed. 
The output of the malfunction discrimination block 302 is 
sent to an output separation block 304. The output of the 
permissible range determination block 300 is also sent to the 
output separation block 304 unmodi?ed. The output sepa 
ration block 304 operates based on the discrimination result 
of the malfunction discrimination block 302 to separates or 
divide those of the inputted sensor outputs that have not been 
found to be faulty into values for the respective types and 
then output them. 

[0083] In FIG. 4, “4 values OK” signi?es that all four of 
the N2 sensors 64 have been found to be normal, “3 values 
OK” signi?es that three of the four of the N2 sensors 64 have 
been found to be normal, “2 values OK” signi?es that tWo 
of the four N2 sensors 64 have been found to be normal, and 
“1 value OK” signi?es that one of the four N2 sensors 64 has 
been found to be normal. “All NG” signi?es that all outputs 
of the N2 sensors 64 have been found to be faulty (NG 
means no good). 

[0084] The TLA sensors 84 and other sensors are treated 
similarly, so that “3 values OK” signi?es that all outputs of 
a sensor type having three outputs, such as the TLA sensors, 
have been found to be normal, “2 values OK” signi?es that 
tWo outputs among three outputs have been found to be 
normal and that both of the tWo outputs of the N1 sensors 62 
have been found to be normal, and “1 value OK” signi?es 
that one output of the tWo outputs of the N1 sensor 62 has 
been found to be normal. “All NG” again signi?es that all 
outputs of the sensors of the type concerned have been found 
to be faulty. 

[0085] The output of the output separation block 304 is 
sent to an output selection block 306. Any sensor output that 
the permissible range determination block 300 refrained 
from determining and forWarded attached With a temporary 
suspension ?ag is also sent to the output selection block 306. 
The output selection block 306, on the one hand, eliminates 
sensor outputs on Which determination has not been passed 
and, on the other hand, selects the signals to be compared, 
Whereafter it sends them to an acceptability determination 
block (determiner) 308, Which compares outputs of the same 
type With each other(s) to determine Whether they are Within 
a range that alloWs them to be considered identical, thereby 
discriminating Whether they are sensor outputs usable for 
fuel supply control. 

[0086] The “comparison” referred to in the acceptability 
determination block 308 Will be explained. When only one 
value is inputted, there is no value to compare With each 
other and the value is outputted as a control signal Without 
modi?cation. Since only a single control signal is outputted 
in this case, one of the lanes 200, 202 refers to the signal 
input to the other lane. 

[0087] When tWo values are to be compared, speci?cally, 
discrimination is made as to Whether they both fall in a range 
that alloWs them to be considered identical. When they are 
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Within such a range of permissibility, tWo signals are out 
putted as control signals, one to each of the lanes 200, 202. 

[0088] Similar ranges are also established for the other 
parameters but Will not be explained here in detail. The 
ranges are established using different values depending on 
Whether the operating condition of the engine 10 is in 
transient or steady state. One or the other is therefore 
selected based on the operating condition discrimination 
result explained later. The ranges are also used in the 
three-value comparison and the four-value comparison dis 
cussed next. 

[0089] In three-value comparison, tWo-value comparison 
is done three times as shoWn in FIG. 6. The comparison 
result is determined as shoWn in FIG. 7 and used as the basis 
for selecting a signal usable as the control signal and also for 
determining signal abnormality. Referring to FIG. 3 by Way 
of example, “A” is the sensor output received by the lane 
concerned, “B” is the sensor output received by the other 
lane, and “C” is the sensor output that is inputted through the 
CAN communications system. The assigned symbols (A, B 
and C) indicate priority (i.e., Ais superior to B; B is superior 
to C). Thus, When the determination is the same for all 
sensor signals, A is used as the control signal. As shoWn in 
FIG. 7, discrimination is made in accordance With the 
illustrated logic based on the comparison results. Case 1 is 
When no abnormal signal has been found, Case 2 is When 
one abnormal signal has been found, and Case 3 is When all 
signals have been found to be abnormal. In Case 3, all of the 
sensor outputs are discriminated to be abnormal and When 
one of them is in use as the control signal, it is ?xed (froZen) 
at its value and maintained in use, and a Warning is issued. 
In Case 1 Whose “A” is folloWed by an encircled 2, “A” is 
determined to be probably most reliable because some 
probability of malfunction occurrence is present for “B” and 
“C” though very slight. 

[0090] As shoWn in FIG. 8, four-value comparison is done 
by conducting tWo-value comparison three times using three 
of the four values and then comparing the signals (sensor 
outputs) found normal With the fourth value. Since the 
sensor having four outputs is only the N2 sensor 64, “A” is 
the output of the N2 sensor A received by the lane con 
cerned, “B” is the output of the N2 sensor Areceived by the 
other lane, “C” is the N2 sensor B received by the lane 
concerned and “D” is the output of the N2 sensor B received 
by the other lane. As mentioned above, the assigned symbols 
(A, B, C and D) indicate priority. Therefore, three-value 
comparison is performed on “A”, “B” and “C” of higher 
priority in the order mentioned and When all are found to be 
normal (Case 1), or When one of the three values is found to 
be an abnormal signal (Case 2), tWo-value comparison is 
performed betWeen these and “D”, Whose priority is the 
loWest. Aside from the point that no Warning is issued, the 
three-value comparison itself does not differ from that 
shoWn in FIG. 6. 

[0091] As shoWn in FIG. 8, When the three-value, com 
parison result is Case 1, the result of the tWo-value com 
parison With “D” is either that the four outputs are normal 
(All Signals Normal) or that “D” is abnormal (Single Fail). 
When the three-value comparison result is Case 2, the result 
of the tWo-value comparison With “D” is either that one of 
the four outputs is abnormal (Single Fail) or that “D” and 
one other output are abnormal (Double Fail). 
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[0092] When the three-value comparison result is Case 3, 
three-value comparison With “D” is performed and, if pos 
sible, the signal to be used is selected. The comparison logic 
for this is shoWn in FIG. 9 and acceptability determination 
based on the comparison result is shoWn in FIG. 10. Case 1 
and Case 2 in FIG. 10 indicate cases in Which selection of 
the signal to be used is made by re-comparison With “D”. As 
shoWn, the re-comparison With “D” sometimes results in 
selection as the signal to be used of one of the “A”, “B” and 
“C” signals that has once been found abnormal. In Case 3 of 
FIG. 10, similarly to in Case 3 of FIG. 7, all of the sensor 
outputs are discriminated to be abnormal, and When one of 
them is in use as the control signal, it is ?xed (frozen) at its 
value and maintained in use, and the Warning is issued. 

[0093] When abnormality is discriminated (determined) in 
three-value comparison or four-value comparison in the 
foregoing manner, the acceptability determination block 308 
sets the bit of the associated ?ag among the abnormality 
discriminated ?ags established for the individual sensor 
outputs to 1 and When, differently from the foregoing, no 
abnormality is discriminated (determined), it sets the bit to 
0. As shoWn in FIG. 4, the bit information of an abnormal 
ity-discriminated ?ag of the acceptability determination 
block 308 is sent to the malfunction discrimination block 
302 Where it is subjected to processing like that described 
above. 

[0094] The remainder of FIG. 5 Will noW be explained. In 
step 3020 of the malfunction discrimination block 302, it is 
determined or checked Whether the bit of the inputted 
abnormality-discriminated ?ag is 0, i.e., Whether the sensor 
output associated With the ?ag has been found to be normal. 

[0095] When step 3020 ?nds that the bit of the ?ag is reset 
to 0, its output (discrimination result) is sent to step 302p, 
Where the value of an FC (?ag counter; similar to that 
referred to earlier) is set to —1. When step 3020 ?nds that the 
bit of the input ?ag is set to 1, i.e., that the sensor output 
associated With the ?ag has beens found to be abnormal, its 
output is sent to step 302q, Where the value of PC is set to 
+2. 

[0096] Next, in step 302r, the total (accumulated) value of 
PC is calculated by addition to or subtraction from the value 
of FC in the preceding cycle, Whereafter step 302s deter 
mines or checks Whether the value of FC (total value) is 
smaller than 8 (second predetermined value). The foregoing 
steps are executed once every 10 msec. After 8 cycles of the 
steps have been executed (i.e., after 80 msec), step 302[ 
determines or checks Whether the value of FC (total value) 
is smaller than 1 (?rst predetermined value), Whereafter the 
value of PC is reset by the timer reset 302g. When the result 
in step 302[ at the time of the reset is also YES, it is 
determined in the folloWing step 30214 that the sensor 
concerned, i.e., the sensor corresponding to the sensor 
output found to be abnormal from the bit of the abnormality 
discriminated ?ag, is not faulty (is normal). 

[0097] Similarly to the case mentioned above, When the 
sensor being checked has incurred a problem, step 3020 
repeatedly discriminates sensor failure, so that step 302q 
repeatedly assigns PC the value +2. Therefore, after 4 cycles 
(40 msec), step 302s ?nds that the accumulated value of PC 
is no longer smaller than 8 (second predetermined value) 
and produces a NO result, Whereafter the sensor concerned, 
i.e., the sensor corresponding to the sensor output found to 
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be abnormal from the bit of the abnormality-discriminated 
?ag, is determined to be faulty in step 3021/. 

[0098] On the other hand, so long as the sensor is repeat 
edly found to be normal during a period of 80 msec, step 
302p repeatedly assigns PC the value —1, so that the deter 
mination in step 302[ is YES and the sensor is found to be 
normal in step 302u. HoWever, When the sensor output is 
found to be sporadically outside the permissible range three 
or more times during the period of 80 msec, the determina 
tion in step 302[ at the time of reset becomes NO, so that step 
302v ?nds the sensor to be faulty. 

[0099] As a result, the time period required to determine 
that the sensor is faulty based on the sensor output being 
abnormal four consecutive times is Within the fuel supply 
control time period (second predetermined time period), 
more exactly, is equal to the fuel supply control time period. 
Here again, the second predetermined value (8) is set to a 
value corresponding to a time period that is equal to or 
shorter than 1/2 the time period represented by the ?rst 
predetermined value In addition, When any sensor is 
determined (detected) to be faulty and another sensor of the 
same type is determined to be normal, the aforesaid fuel 
supply control is conducted using the output of the normal 
sensor. When all sensors of the same type are found to be 
faulty, a predetermined value is set and control is continued. 
This is the same as What is explained above. 

[0100] The explanation of FIG. 4 Will be continued. The 
output of the permissible range determination block 300 is 
sent to a transient/steady-state discrimination block (dis 
criminator) 310 Which discriminates the operating condition 
of the engine 10. 

[0101] FIG. 11 is a block diagram shoWing in detail the 
con?guration of the transient/steady-state discrimination 
block 310. 

[0102] As shoWn in this draWing, the sensor outputs 
(parameters) used in the transient/steady-state discrimina 
tion are one each of the outputs of the N1 sensors 62, the tWo 
(A and B) N2 sensors 64 and EGT sensors 76 and the outputs 
of the P3 sensors 74. (Speci?cally, the high-priority outputs 
“A” are used insofar as they are found to be normal.) 
Speci?cally, the discrimination of the primary lane 200 is 
done using the four sensor outputs N1, N2A, N2B and EGT, 
While the discrimination of the secondary lane 202 is done 
using ?ve sensor outputs, namely, the aforesaid four sensor 
outputs plus output P3. The reason for including P3 among 
the parameters for discrimination in the secondary lane 202 
is that the discrimination in the secondary lane 202 needs to 
be conducted With greater care because the lane 202 is a 
secondary lane subjected to fuel supply control in place of 
the primary lane 200 When a malfunction has occurred in the 
primary lane 200. 

[0103] The four or ?ve outputs are sent to a change rate 
threshold block 310a once every predetermined period of 
time, i.e., 10 msec to be compared With change rate thresh 
old values prede?ned for the individual sensors. 

[0104] As shoWn in FIG. 11, the change rate threshold 
block 310a forWards the results of comparing the inputted 
values With the corresponding threshold values to a discrimi 
nation block 310b. The discrimination block 310b uses the 
comparison results to discriminate the operating condition 
once every 40 msec. Basically, the discrimination is made 
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based on the majority rule. Speci?cally, in the case of the 
primary lane 200, the engine 10 is discriminated to be in 
transient state When tWo or more (half or more) of the four 
values are equal to or greater than the corresponding thresh 
old values and is discriminated to be in steady state When 
tWo or more of the four values are found to be smaller than 
the corresponding threshold values three consecutive times 
or three out of four times. The comparison is made betWeen 
the inputted values and the threshold values once every 10 
msec, so that comparison is made four times Within a period 
of 40 msec. When the number becomes the same betWeen 
tWo like values among the four values, one of the N2 sensor 
64 outputs is eliminated and the remaining three values are 
compared With each others such that the discrimination 
result is in the majority is generated. 

[0105] In the case of the secondary lane 202, the engine 10 
is discriminated to be in transient state When three or more 
of the ?ve values are equal to or greater than the corre 
sponding threshold values. On the other hand, the engine 10 
is discriminated to be in steady state When three or more of 
the ?ve values are found to be smaller than the correspond 
ing threshold values three consecutive times or three times 
out of four times. 

[0106] In discrimination of the lanes 200 and 202 using 
TLA, the engine 10 is found to be in transient state When tWo 
or more of three values are equal to or greater than the 
corresponding threshold values. On the other hand, the 
engine 10 is found to be in steady state When tWo or more 
of three values are found to be smaller than the correspond 
ing threshold values three consecutive times or three out of 
four times. Although discrimination is explained in the 
foregoing as being made using the change rate of values 
outputted once every predetermined time period, it is pos 
sible to calculate the differences betWeen like values out 
putted once every predetermined time period and use them 
as threshold values. 

[0107] The explanation of FIG. 4 Will be continued. The 
discrimination result of the transient/steady-state discrimi 
nation block 310 is sent to the acceptability determination 
block 308. In accordance With the discrimination result, the 
acceptability determination block 308 selects and uses one 
or the other of the ranges for the transient and steady states 
established beforehand as ranges of permissibility (Within 
Which values can be considered identical). It also effects 
appropriate fuel supply control based on the discrimination 
result of the transient/steady-state discrimination block 310. 

[0108] With respect to N1, P3, EGT and the like, a 
composite signal generator 312 produces a composite signal 
using values estimated from other parameters and the 
acceptability determination block 308 again makes an 
acceptability determination through comparison thereWith. 

[0109] As described above, the embodiment is con?gured 
to have a system for detecting sensor malfunction of a 
gas-turbine engine 10, comprising: a sensor (N1 sensor 62, 
N2 sensor 64, etc.) installed at the engine and outputting a 
value indicative of operating condition of the engine; a 
determiner (step 300a of permissible range determination 
block 300) inputting the value outputted from the sensor and 
determining once every ?rst predetermined time period (10 
msec) Whether the outputted value is not Within a permis 
sible range; and a discriminator (step 302h of malfunction 
discrimination block 302) inputting a result of determination 
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of the determiner and discriminating that the sensor is faulty, 
When the result is at least one of a case in Which number of 
times, the outputted value is determined not to be Within the 
permissible range, is not smaller than a ?rst predetermined 
value (1; the accumulated value of PC is not feWer than 1 
(step 3026)) and a case in Which the number of times, the 
outputted value is consecutively determined not to be Within 
the permissible range, is not smaller than a second prede 
termined value (8; the accumulated value of PC is not feWer 
than 8 (step 302a)). 

[0110] Thus, the sensor malfunction detection system for 
a gas-turbine engine according to the ?rst aspect of the 
invention is con?gured to determine or check once every 
?rst predetermined time period Whether the outputted value 
from the sensor is Within a permissible range and determines 
that the sensor is faulty When the result of the check is at 
least one result betWeen the case of the number of times the 
outputted value is found not to be Within the permissible 
range exceeding a ?rst predetermined value and the case of 
the number of times the outputted value is consecutively 
found not to be Within the permissible range exceeding a 
second predetermined value. Since the so-con?gured system 
discriminates Whether the total number of times the sensor 
output is found to be outside the permissible range is feWer 
than the ?rst predetermined value, it can avoid erroneous 
detection of transient abnormalities caused by noise or the 
like as sensor malfunction, and since it discriminates 
Whether the number of times the sensor output is consecu 
tively found not to be Within the permissible range is feWer 
than the second predetermined value, it can promptly detect 
sensor malfunction oWing to Wire breakage or the like. The 
system according to the ?rst aspect can therefore detect 
sensor malfunction With good accuracy using a simple 
con?guration. 

[0111] The system further includes: a fuel control unit 
(ECU 80 and FCU 30) calculating a How rate of fuel to be 
supplied to the engine once every second predetermined 
time period (40 msec) that is m (m 22; more speci?cally 4) 
times of the ?rst predetermined time period and controlling 
fuel supply so as to supply fuel at the calculated ?oW rate; 
and the second predetermined value (8) is set a value that is 
equal to or smaller than, (more precisely equal to) a value 
corresponding to the second predetermined time period. 

[0112] The sensor malfunction detection system for a 
gas-turbine engine according to the second aspect of the 
invention is con?gured to set a second predetermined value 
to be equal to or smaller than a value corresponding to the 
second predetermined time period equal to the fuel control 
cycle. Since the system according to the second aspect is 
therefore able to detect sensor malfunction Within a single 
cycle of fuel control requiring substantially instantaneous 
response, it can, in addition to providing the foregoing 
advantages, further enable prompt response to a detected 
malfunction in the succeeding fuel control cycle. In the 
embodiment, although the second predetermined value (8) is 
set to a value that is equal to the value corresponding to the 
second predetermined time period, it may be set to a value 
smaller than the value corresponding to the second prede 
termined time period. 

[0113] The system further includes: a fuel control unit 
(ECU 80 and FCU 30) calculating a How rate of fuel to be 
supplied to the engine once every second predetermined 








